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METHODS:
We conducted a retrospective analysis of the Clinformatics Datamart database. Women diagnosed with endometriosis from January 2006 through December 2016 and aged 18-49 years were compared with women in the control group matched on age, region, race, insurance payer, and plan type. Key outcomes included: filled prescription for an opioid, multiple opioid prescriptions, number of days' supply, daily dose (morphine milligram equivalents), and concomitant opioid and benzodiazepine prescriptions. Cohorts were descriptively analyzed using t-and x 2 statistics and multivariable regression analyses yielded adjusted relative risk (RR) ratios and 95% CI.
RESULTS:
The study sample included 53,847 endometriosis patients and 107,694 patients in the control group. The mean age was 38 years, 62.4% of patients were white, and 51.6% lived in the South. Women in the endometriosis case group, compared with women in the control group, were more likely to fill an opioid prescription ( E ndometriosis is a chronic gynecologic disorder that affects approximately 10% of women of reproductive age. 1, 2 Endometriosis is associated with pain 3, 4 and substantial indirect costs (eg, lost work time and productivity). [5] [6] [7] Up to 87% of women with chronic pelvic pain, 8 defined as pain that persists for more than 6 months, have endometriosis. 9 Over the past 20 years, chronic pain has increasingly been treated with opioid therapy. 10 Furthermore, as endometriosis patients commonly undergo surgical procedures for diagnostic and therapeutic purposes, opioids are also commonly used for postoperative pain management.
Prescription drug abuse, particularly opioid misuse and abuse, has been on the rise and is reported to be the fastest growing drug problem in the United States. 10, 11 For instance, of the more than 350,000 deaths that occurred since 1999 as a result of opioid overdose, an estimated 40% involved prescription opioids. 12 The majority of women in the case group involving opioid abuse reportedly begin with a medical prescription, used primarily to treat chronic pain or acute postsurgical pain. Given the associations between endometriosis, surgical interventions, and pain (potentially both chronic and postoperative), as well as recent concerns regarding medically inappropriate opioid use, it is surprising that there is little published on opioid use in this patient population.
The purpose of this study was to examine the prevalence of opioid use in U.S. patients diagnosed with endometriosis compared with women without endometriosis. In light of evidence that opioid-related risks increase with higher doses, 13, 14 longer use, [15] [16] [17] or concomitant use of benzodiazepines, 14 the study also assessed the frequency of such prescribing patterns. Finally, the analyses explored the timing of the first opioid prescription in relation to events such as the initial endometriosis diagnosis, outpatient visits, or endometriosis related surgery.
METHODS
Data for this retrospective, matched cohort study were obtained from the Optum Clinformatics Data Mart. The database contains administrative claims submitted for payment by providers (eg, physicians, hospitals, pharmacies, ambulance services) to be reimbursed for a service or product provided. The data covers more than 150 million individuals from different geographic areas in the United States, including demographics, insurance plan enrollment, inpatient and outpatient medical resource use, and filled prescriptions. The claims were verified, adjudicated, adjusted, and deidentified before inclusion. The study included data from May 2000 through December 2017 and complied fully with the Health Insurance Portability and Accountability Act. Because this was a retrospective analysis of deidentified data, Institutional Review Board approval was not required.
For women with endometriosis, the index date was defined as the first date from January 2006 through December 2016 that an endometriosis diagnosis was recorded using International Classification of Diseases, 9th Revision, Clinical Modification (617.xx) or International Classification of Diseases, 10th Revision, Clinical Modification (N80.xx) coding. Women were required to have received one or more inpatient or two or more outpatient claims with this diagnosis, on distinct dates, for inclusion in the endometriosis cohort. Patients were excluded if they were younger than age 18 years or older than age 49 at the index date, received a diagnosis of endometriosis before January 2006, or a diagnosis of cancer or codes for surgeries typically done for cancer, such as radical hysterectomy or resection at any time. Women with endometriosis were also required to have continuous insurance coverage from 1 year before the index date (ie, the preindex period) through 1 year after the index date (ie, the postindex period).
Women without endometriosis at any time were identified, however, women with any diagnosis of cancer or codes for radical hysterectomy or resection were excluded. From this group, women were randomly selected and matched 2-to-1 to women in the case group. The match was based on age, geographic region of residence, race, payer type, and insurance plan type. Each patient in the control group was assigned the same index date as her match. Women in the control group were also required to have continuous insurance coverage from the start of the preindex period through the end of the postindex period. A sensitivity analysis was conducted that was based on a more extensive matching algorithm. In addition to the above variables, women with endometriosis were also matched to women in the control group based on the following common, preindex period comorbidities that might be associated with opioid use: anxiety, episodic mood disorder, back or neck pain, arthritis or joint pain, headache or migraine, and mental disorder.
The analyses compared the outcomes of women with endometriosis relative to women in the control group. Outcomes of interest included filling of a prescription for an opioid medication, filling multiple prescriptions for opioids, total number of days' supply of opioid medication, and the opioid's daily dose, which was based on morphine milligram equivalents. In addition, the analyses examined concomitant prescription fills for opioids and benzodiazepines as well as number of days of such overlapping prescriptions.
Because surgery can lead to opioid use, the above outcomes were re-analyzed to compare opioid use in patients with endometriosis and women in the control group after excluding opioid prescriptions filled in the 30 days after the first postindex period surgery date. Finally, for patients with endometriosis, analyses also examined when opioid prescriptions were filled in relation to medical events. Specifically, we determined when opioid prescription fills occurred relative to the initial endometriosis diagnosis, visits to an obstetrician-gynecologist (ob-gyn), or surgery for endometriosis.
Descriptive comparisons between women in the case group and control group were conducted using tstatistics for continuous, normally distributed variables and x 2 statistics for categorical variables. Relative risk (RR) ratios on key outcomes variables were also presented. The main analysis involved a multivariable Poisson regression with robust standard errors that estimated the adjusted RR ratio for the outcomes while controlling for patient demographics (age, race, region, insurance payer type, and insurance plan type) and the following preindex period comorbid diagnoses: anxiety, back or neck pain, episodic mood disorder, headache or migraine, human immunodeficiency virus, noncancer pain, opioid abuse, stress, arthritis or joint pain, and mental disorders. For women with endometriosis, the timing of initiation on opioids was also described. Results from the sensitivity analysis were presented as RR ratio as well. All analyses were conducted using SAS 9.4. All statistical tests were two-sided and P-values ,0.05 were considered statistically significant.
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RESULTS
The final sample consisted of 53,847 women with endometriosis and 107,694 women without endometriosis. Figure 1 illustrates how the inclusion and exclusion criteria and the matching algorithm affected sample size. Under the expanded matching algorithm employed in the sensitivity analysis, the 2-to-1 sample consisted of 44,566 women in the case group and 89,132 women in the control group.
For the main analysis, in this sample of healthinsured women with endometriosis, the average age was 38 years (SD57.3), and most patients were white (62.4%) and residents of the South (51.6%). In addition, most had point-of-service insurance coverage (68.1%) ( Table 1 ). Both endometriosis patients and matched patients in the control group were most frequently diagnosed with noncancer pain (49.7% vs 36.0%), arthritis or joint pain (36.8% vs 27.1%), or back or neck pain (28.6% vs 19.2%) in the preindex period, although endometriosis patients had significantly higher rates of each of these conditions (all P,.001). After matching on patient demographic characteristics, women with endometriosis also had statistically higher rates of mental disorders (20.7% vs 14.6%), anxiety (13.4% vs 9.2%), and episodic mood disorders (12.9% vs 8.7%) compared with women in the control group (all P,.001). Table 2 illustrates the distribution of filled opioid prescriptions across the cohorts in the postindex period. For both endometriosis patients and patients in the control group, acetaminophen-hydrocodone bitartrate (43.2% vs 14.8%) and acetaminophenoxycodone hydrochloride (36.4 vs 5.5%) were the opioids with the most commonly filled prescriptions. Women with endometriosis were more likely to have filled a prescription for those opioids compared with the women without endometriosis.
Figure 2 reveals that women with endometriosis, compared with women without, were more likely in the postindex period to have filled at least one prescription for an opioid (79.3% vs 24.2%; P,.001) and to have filled multiple prescriptions for opioids (40.3% vs 10.5%; P,.001). Consistent with filling multiple prescriptions, women with endometriosis were also more likely to have had opioids available for a longer duration than women in the control group. Specifically, in the postindex period, the endometriosis cohort was more likely to have filled opioid prescriptions with total days supplied extending for 31-59 days (4.2% vs 1.1%), 60-89 days (1.5% vs 0.5%), or 90 days or more (5.5% vs 2.5%) (all P,.001; Fig. 3 ). In addition, as Figure 4 reveals, women with endometriosis were more likely than women without it to have filled prescriptions for opioids and benzodiazepines concomitantly (10.1 vs 3.5%), and such concurrent supply extended for at least 7 days (6.0% vs 2.0%), 30 days (3.0% vs 1.2%), or 90 days (1.6% vs 0.7%) (all P,.001).
In the re-analyses that excluded opioid prescriptions filled within 30 days of the first postindex period surgery, women with endometriosis were more likely to have filled an opioid prescription than women without endometriosis (45.1% vs 23.6%; P,.001) and to have filled multiple prescriptions (23.6% vs 10.2%; P,.001). Also excluding opioid prescriptions filled during the 30 days of the first postindex period surgery, women with endometriosis were more likely to have filled an opioid prescription extending for 31-59 days (2.8% vs 1.1%), 60-89 days (1.2% vs 0.5%) or 90 days or more (5.1% vs 2.5%), all P,.001. Concomitant use of opioids and benzodiazepines was also higher in these endometriosis patients than patients in the control group (8.1% vs 3.4%; P,.001) and the overlap extended for at least 7 days (5.0% vs 2.0%), at least 30 days (2.7% vs 1.2%), or at least 90 days (1.6% vs 0.7%) (all P,.001). Figure 5 shows the timing of opioid use for women with endometriosis; more than one quarter of patients (26.8%) filled their first opioid prescription within 7 days of their earliest recorded claim for endometriosis. Furthermore, among endometriosis patients who initiated on opioids in the postindex period, 76.2% filled an opioid prescription within 7 days of an endometriosis-related surgery.
From the main analysis, Table 3 presents crude RR ratio and Table 4 presents results of the multivariable regressions estimating the adjusted RR of the outcome of interest. These results are generally consistent with the unadjusted results presented in Figures  1-4 . For example, women with endometriosis, From the sensitivity analysis, Table 5 shows the RR ratio for the key outcomes. Results are consistent with those presented above. Relative to women without endometriosis, in this study, women with endometriosis were at higher risk of filling an opioid prescription, filling opioid prescriptions associated with a greater number of days' supply and with higher doses, and more likely to fill concomitant prescriptions for opioids and benzodiazepines.
DISCUSSION
This retrospective, matched cohort study examines short-and long-term opioid use in patients with endometriosis compared with patients without endometriosis. Women with endometriosis were at greater risk (adjusted RR ratio 2.91), compared with similar women without endometriosis, to fill a prescription for an opioid. Furthermore, the patients with Data are n (%) unless otherwise specified. Percentages add to more than 100% because patients may have received prescriptions for multiple opioid medications. . Morphine milligram equivalents (MME) based on receipt of dosage (50 morphine milligram equivalents or more or 100 morphine milligram equivalents or more, respectively) for at least 1 day in the postindex period. Unadjusted differences between endometriosis patients (n553,847) and patients in the control group (n5107,694) matched to endometriosis patients based on age, race, region, insurance payer type, and insurance plan type. *P,.001. endometriosis were at greater risk of filling a longerterm prescription, prescriptions for a higher dose, or a concomitant prescription for a benzodiazepine. Among the patients with endometriosis who filled an opioid prescription, the first such prescription was most often filled around the time of surgery; 76.2% of endometriosis patients filled an initial opioid medication prescription within 7 days of an endometriosisrelated surgery. Even after excluding opioid prescriptions filled within 30 days after the first postindex period surgery, these analyses showed that endometriosis patients had higher rates of filling opioid prescriptions, for longer duration and concomitantly with benzodiazepines than did a matched cohort of women without endometriosis. Robustness of the main results was demonstrated by similar findings from a sensitivity analysis that used an extensive matching process that included not only significant demographic, region, and insurance plan variables but also a large number of preindex period comorbidities that are believed to be associated with opioid use and were common in both cohorts. In the present study, most of the endometriosis patients (79.3%) received at least one day's supply of opioids in the postindex period. This evidence is suggestive of extensive opioid use and is generally consistent with the results of a 2016 survey, conducted by fellows of the American College of Obstetricians and Gynecologists (ACOG), 18 which indicated that patients with endometriosis receive nearly one quarter (24%) of the opioid mediation prescribed by U.S. obgyns. 18 In addition to having a higher prevalence of opioid use, patients with endometriosis in this study were also more likely to use the medication for an extended period or at a higher dose. For instance, 11.1% of the patients with endometriosis received more than a month's supply of opioids compared with 4.2% of patients in the control group and 5.5% of endometriosis patients received more than a 3-month's supply compared with 2.5% of women in the control group. This is a concerning finding because research has shown no therapeutic benefit of long-term opioid use in the treatment of noncancer pain. 15 Furthermore, long-term opioid use has been associated with physical dependence, increased tolerance, opioid addiction, and adverse events. [15] [16] [17] Increased risk of overdose and fatality has been demonstrated when opioid dosing exceeds 20 morphine milligram equivalents/d, with 20-50 morphine milligram equivalents/d dosing associated with a greater risk of inadvertent opioid overdose and more than 50 morphine milligram equivalents/d dosing linked to a higher risk of fatality. 13 In our study, we found that filled prescriptions with opioid dosages 50 morphine milligram equivalents or more and 100 morphine milligram equivalents or more were more prevalent among the endometriosis patients.
Our analysis also showed that patients with endometriosis were more likely, relative to women in the control group (RR ratio 1.95), to have filled concomitant prescriptions for an opioid and benzodiazepine. Evidence suggests that benzodiazepines may reinforce the effect of opioids, 19, 20 and this effect may Fig. 3 . Days' supply of opioids in postindex period. Unadjusted differences between endometriosis patients (n553,847) and patients in the control group (n5107,694) matched to endometriosis patients based on age, race, region, insurance payer type, and insurance plan type. *P,.001. explain why these drugs are used concomitantly. 21, 22 However, opioids and benzodiazepines are some of the most frequently abused psychoactive drug classes in the world, 23 and patients taking opioids and benzodiazepines concurrently are an estimated 10 times more likely to die an overdose death relative to those taking opioids alone. 14 Although such risks raise concerns about the frequency of opioid and benzodiazepine overlap in this study (10.1% of the endometriosis patients vs 3.5% of patients in the control group; P,.001), a higher frequency of opioid and benzodiazepine concomitance was observed in a 2011 investigation, which looked at patients from U.S. pain clinics and reported that 15.7% of oral fluid specimens were positive for benzodiazepines. 24 The lower rate in the present study may represent more responsible opioid prescribing in recent years, consistent with some research, 25 or less opioid prescribing by ob-gyns relative to other doctors, as evidenced in other studies. 26, 27 Among women with endometriosis, the timing of opioid initiation suggests that opioids were most frequently prescribed to treat postsurgical pain. This finding is consistent with the fact that surgery is a common diagnostic test for endometriosis and treatment modality for endometriosis-related infertility or pain 28 and the status of opioid-based therapy as a cornerstone of pain management for surgery. 29 However, the longer-term, higher-dose prescribing observed among this population with endometriosis Fig. 4 . Days' supply of opioids and benzodiazepines concomitantly filled prescriptions in postindex period. Unadjusted differences between endometriosis patients (n553,847) and patients in the control group (n5107,694) matched to endometriosis patients based on age, race, region, insurance payer type, and insurance plan type. *P,.001. stands in contrast to ACOG guidelines recommending that clinicians use the fewest opioid pills appropriate. 18 Moreover, surveys have reported that 40% of patients felt they received more opioids than needed after a minimally invasive hysterectomy, 30 and that the majority of patients report unused opioids after surgery. 29, 31 Finally, based on the finding that more than one quarter (26.8%) of endometriosis patients filled opioid prescriptions within 7 days of their earliest recorded claim for endometriosis, our study suggests that opioids have been prescribed frequently to treat the pain of endometriosis. This treatment pattern stands in contrast to the research recommending against the use of opioids in treating noncancer, chronic pain. [15] [16] [17] However, it is consistent with a 2016 ACOG survey that suggested additional guidance to appropriate pain management may be helpful. For instance, the median rate of opioid prescribing among the ACOG members who responded to that survey was 26 opioid pills perpatient for any cause; less than 20% of the respondents said that they adhered to ACOG recommendations for prescribing pain medication. 18 The findings of this study must be considered within the context of the following limitations. Every patient in the population was well-insured, and results may not be generalizable to all U.S. women. Additionally, patients were identified as having endometriosis based on diagnostic codes, which may or may not have been the product of rigorous diagnostic procedures such as pelvic examinations, ultrasound scans, and laparoscopy. Furthermore, the index date for patients with endometriosis, defined as the first recorded date with a diagnosis of endometriosis, may not have reflected the actual initial diagnosis if that diagnosis was recorded before our data study period of 2005 through 2017. Our study also did not control for whether the endometriosis diagnosis was surgically confirmed. In addition, although we could determine that prescriptions for opioids or benzodiazepines were filled, we could not confirm how the drugs were taken (eg, whether they were taken orally, intranasally, or intravenously; whether opioids were taken at the same time with benzodiazepines; whether the drugs were taken by the patient or someone else). By examining prescribed opioids and filled prescriptions, the study did not consider illicit opioid use. Further, the study did not control for pain status or the severity of pain. Patients with moderate to severe pain may have been more likely to use opioids more frequently. Despite these limitations, our study had several strengths, including the use of a large study sample that resembles other endometriosis populations in terms of demographics, presence of other chronic pain and psychiatric comorbidities, indicating that our results may be generalizable. The addition of a large matched control group and multivariable analysis adjusting for potential differences between the two study cohorts helps reduce the possibility that our findings are the result of chance alone. We also had the ability to study short-(30 days) and long-term (90 days) prescription patterns without input from health care providers or patients, thus reducing the potential for reporting bias.
In conclusion, these analyses indicate that opioid use is prevalent in this population of patients with endometriosis. Compared with women without endometriosis, women with endometriosis had higher odds of prolonged use, and concomitant use with benzodiazepines. Our findings emphasize the need for better health care provider education and appropriate patient selection and counseling before selecting opioids for pain management. Although some opioid use may be unavoidable in endometriosis, medical management should be aggressively optimized, and multiple treatment modalities pursued (surgery and involvement of pain specialists) to minimize inappropriate or excessive use. Because this was an initial examination comparing opioid prescribing and use patterns between women with endometriosis and those without, future research would examine subgroups of patients such as those presenting with chronic pain or infertility. The effect of concomitant medical therapy on opioid use in these populations could also be studied. Further work is also needed to explore whether opioid prescribing differs among endometriosis patients without medical insurance. Moreover, although we suspect that opioid use in patients with endometriosis may lead to similar negative consequences as in other chronic pain patients, this assumption has not yet been specifically confirmed.
